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^) FoMaMetube 

<57) A foldable tube conprisas a wall in wtiich at 
least three elongate relatively Hexible areas are present 
which areas form plastic hinges which define a wall seg- 
ment that can be tokted inwaicfly to Ixino the lite into a 
contracted shape. 
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Description 

Background o f the Indention 

[0001] The inventton relates to a foldable tube and to 5 
a rnelhod for placing such a tite in a tubular cavHy. 
[0002] Kistoiowntofoldflenblehosesintoaflattened 
shape in order to tacilitale easy storage, for exarnple by 
reeling the flattened hose around a small diameter reel- 
ing drum. 

[0003] It is also Known to insert weQtubulars in a con- 
tracted position into a welbore and to expand the tUxj* 
ttf downhole at the location where the tubular is to be 
used. Sonet patent spedf ication SU^33825 discloses 
the use of an initially corrugated tube which is expanded is 
downhole into a tubular shapa mtemallonat patent 
appficalkia publication lOa WO 97/06345 dsclases the 
use of a fiexasi e vvell tubular which is folded into a kidney 
shape during its descent through the weObore and 
whch is inflated downhde to bring the tubUar into a 20 
cylindrical shape, whereafter the tdbular is polymerised 
to provide a wed casing. This known tubular has an Y- 
shape and serves to provide a seal at the junctfon 
between a main well and a branch welt. Disadvantages 
of these known expandable corrugated and f Isxfole foU- 2s 
able lubes are that they need to be reialively thin to 
allow an easy expansion wrth^i a txxehoie or other cav- 
ity and that the shape of the untoUed tube is not well 
defined. 

[0004] It is an ot^ect of the present invention to allevi- 30 
ate the disadvantages of the known foldable tubes and 
to provkto a foldable tube whk:h can be folded and 
unfoUed relatively easOy but which generates an 
expanded tUbe which is robust and whk:h has a weO 
defined tubular shape. ^ 

Summary o f the Invaition 

[0005] The foldable tube accoRfing to the invention 
conprises a tubular wan having at least three ekxigate 40 
relatively flexfole areas where the wan is moreftoodble 
than other areas of the wall, whch areas are oriented in 
a substantially paratiei direction relative to each other 
atong at least a substantial part of the length of the tiA)e 
so that in use said areas form plastic hinges whfoh 45 
define a wall segment ttiat is inwardly foktsdble to bring 
the tube into a contracted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with the present invention is that they tock 
the unfolded tube in its tubular shape and ttutt the tube eo 
can be made cheaply by creating the plastic Nnges in 
the wall of a tube which has. apart from the plastic 
hinges* a similar wall strength and thickness as a con- 
ventional tube that wouM normally t)e used *n the same 
situation. ^ 
[0007] It is prefenred that said relatively flexWe areas 
are formed by trough-shaped grooves in the wall of the 
tube, which grooves are oriented in a paraflel or heQcal 



direction relative to a fongitudinal axis of the tube. 
[0008] Alternatively the relatively weak areas are 
formed by mutually parallel axial or heOcal rows of 
holes. These holes may pass through the wall of the 
tut>e a extend only partially into the outer or tmer sur- 
face of the wan of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wan of the tube such that 
each set of four grooves defines a tube segment that 
can be foMed as a U-shaped recess inwardly into the 
tuba The sides of said U-shaped recess may even be 
folded towards each ottier in a delta-shape and the tips 
of the recess may be brazed togrther tofix the tube in 
its lokied shape until a relatively tow tensfon force is 
exerted to the brazed ioint 

POIQ] The tube can be folded to a high degree of con- 
traction if two sets of four grooves are anwiged synfh 
mefricaly at opposite skSes of the tuba such that tfxm 
fbidvig of the tube two delta- or U-shaped recesses are 
formed at opposite skies of tfie tube. 
[0011] tfthetubeneedstobefokiabletoalesshigh 
degree of contraction then a single groove or a plastic 
hinge fomned by a tubule may be arranged at one side 
and a set of four grooves at an opposite side of the inner 
wan of the tube. 

10012] The latter embodiment ol the tube according to 
tfie invention can be used as a weO Imr at the junctfon 
between a main well and a branch well if a branch tube 
is secured around a window in the wafl of ttie tite 
between said single groove and an adjacent groove of 
saxf set of four grooves at said opposite ode of the tube. 
[0013] In that case the tube is towered through the 
nfiain well towards tfie junction after folding the tube into 
its contracted shape. At the junction the tube is then 
expanded such that the branch tube is pushed into the 
entrance of the branch we8. 

I0O14] The tube accordng to the present invention 
can be nwde of any material whfoh is plasticatty detonn- 
able such that the tube does not break as a result of the 
folding and unfolding operations. 
[0015] Suitable materials are steel. fftpartk:ular fonm- 
aUe steel grades such as high strength fow aBoy steels 
and dual phase steels.- and plastic materials such as 
polypropylene and polyvinyfohforide. 

Brief description of the drawings 

[0016] The invention wU be described in more detail 
and by way of example with reference to the accompa- 
nyng drawings, in wtiich 

Rg. 1 is a cross-axiat sectional view o< a foUable 
tube aocordirig to the invention which comprises 
two sets of four grooves in the inner wall of the tite; 
Fig. 2 shows the tube of Pig. 1 at a somewhat 
reduced scale wherein the tUbe is foUed into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sides of the tube; 
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Fig. 3 is a aoss-axial sectional view of an altema- 
tive errtKJdtment of the fokiable tube according to 
the present invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposae side of the tube: 
Rg. 4 shows the tube of Rg. 3 at a somewhat 
reduced scale wherein the tube is folded into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the tiA>e; 
Bg. 5 is a cross-axial sectional view of a foldable 
tube aooortSng to the invention inside a well 
wherein the tube is provided with a branch tube 
wfiich is inserted into the entrance of a branch weB 
upon downhde expansion of the fokiable tii)e; 
Fig. 6 is a aoss-exial sectional view of a foldable 
tite Boooiding to the present invention with a U- 
6hc«)ed recess at one side and a hinge provided by 
a tubule at the other side; 
Fig. 7 is a cross-asdal sectional view of a foldable 
tube according to the invention which corrprises 
three axial grooves at one side of the tube; 
Fig. 8 is a cross-axia! sectional view of a foldable 
tube according to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape; and 

Fig. 9 is a aoss-axial sectional view of a foldable 
tube acoorcfing to the present invention where 
delta-shaped recesses are present at both sides of 

thetiA)a 

pflteited descr ipton rf the invention 



[0017] Referring to Fig. 1 there is shown a foldable 
tube 1 which conprises two sets of axial trough-shaped 
grooves 2-9 in the inner wen of the tut)e 1 . 
[0018] Rg.1 shows the tiA)e1 in its unfolded cylindri- 
cal shape and the grooves 2-9 each have a similar 
depth and wktth. One set of four grooves 2-5 has been 
machined into the inner wall at the ipper side of the 
tube 1 and the otho- set of four grooves 6-9 has been 
machined into the inner waa at the lower side of the tLi>e 
1. such that the two sets of grooves 2-5 and 6-9 are 
symmetrical relative to each other. The distances 
between the grooves 2 and 3, the grooves 4 and 5. the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 
each other. 

[0019] Fiffthennore the cfistance between the grooves 
3 and 4 is equal to the distance between the grooves 7 
and 8 and the (^stance between the grooves 2 and 9 is 
equal to ttie distance between the grooves 5 and 6. 
[0020] The symnmtrical anangement of two sets of 
four grooves 2'S and 6-9 enables the tube 1 to be folded 
such that the wall segments between the grooves 3 and 
4. 7and8. 5and6and2and9are moved inwardly 
towards the centre 11 of the tube 1 as aiustrated by 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown in Fig. 2. 

[0021] Fig. 2 shows how the relatively thin parts of the 



tube 1 adjacent to the grooves 2-9, where the wall thick- 
ness is smaller than the wall thickness of other parts of 
the tube 1. act as plastk: hinges during the fokfing pro- 
cedure. 

5 [0022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2. 5. 6and 
9 are largely closed so that a f irst U-shaped recess 1 2 is 
fonned at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 

w 1. The foUed tube 1 shown in Rg. 1 has the shape of a 
rivet wMch has a signiricartly smaller outer width than 
the inner width of the unflokled tube shown in Fig. 1. 
Therefore the foWed tube can be moved easily through 
the bae of a conduit or underground weU. even through 

15 narrow passages fanned by vdves and sharp curva- 
tures. 

[0023] Fig. 3 Shows an alternative enixxiiment Of the 
foktaUe tube aooonSng to the invention in wfvch the 
tube 15 oomprisee a single axial groove 16 at the lower 
20 skto of the tube 15 and a set of four axial grooves 17. 
18. 19 and 20 at the upper side of the tube 15. 
[0024] The grooves 16 and 17 and 20 have been 
macNned in the inner wan of the tube 15 and the 
^ooves 18 and 19 have been machined in the outer 
2S waR of the tube 15. 

[0025] The relatively thin vwall parts of the tube 15 
adjacent to the grooves 1 6-20 fomi waO areas wNch are 
more flodble than other parts of the tube 1 5. The groove 
pattern shown b Rg. 3 altaws the waB segment 
30 betweenthegroove8l7and20tobefokfedinwBrclyin 
the direction of anow 21 such that the tube 15 obtains 
the Idkfed shape shown in Fig. 4. 
[0026] Fig. 4 shows that on fofoing of the tube 15 a U- 
shaped recess 22 is formed by the wall^ment of the 
$5 tube 15 between the set of four grooves 17-20 at the 
upper side of the tube 15. The two relatively big wall 
se^nents of the tube 15 between the groove 16 at the 
lower side and the two outer grooves 17 and 20 at the 
upper side of the tube 15 thereby pivot towards each 
40 other about the plastic Nnge formed the at ttie bottom of 
the tube 15 near the groove 16. 
[0027] Thetube15showninFio.4canbeunfc*fedby 
moving an eocpansion mandrel in axial direction through 
the tube 15 and/or by inflating the tube 15. 
45 [0028] The unfolded tube 15 then obtains its cylindri- 
cal shaoe as is shown in Fig. 3 and the conf'tguration of 
parallel grooves 16-20 wiB than tock the tube 15 since 
the wan segments between the grooves 16-20 form 
arches wtv'ch win be sut^ect to hoop stress if the 
so hydraulicpressureoutsidelhetubelSishigherthanthe 

hydraulic pressure inside the tA>e 15. 
(00291 Rg. 5 shows a fOkJable tube 25 which is similar 
to the fbWable tube 15 shown in Figs. 3 and 4 mside a 
main well 26 in which a weH casing 27 has been 
55 cemented in place. 

[0O3O] The main well 26 passes through an under- 
ground formation 28 and a branch well 29 has been 
drilled through a window 30 in the well casing 27 later- 



3 



5 



EP0952306A1 



6 



afly away from the main weO 26 into the formation 28. 
(0031 ] The tube 25 is made of steel and comprises a 
single groove 31 at its \cmer side and a set of lour 
grooi^es 32-35 at its upper skJe. A branch ttbing section 
36 has been welded to the wan segment of the tii>e 1 5 
between the groon^es 31 and 32 around a window 37 
that has been machined in the wall of the tube 25. 
10032] The lube 25 has been moved In its folded con- 
tracted position through the main well 26 until the 
branch tUbing section 36 is located at^cerU to the 
entrance of the branch wea 29. 
(00331 Then the tube 25 Is expanded by an expansion 
mandrel into its cylindrical shape, which is illustrated by 
broken fines 38 such that the branch tubing section 36 
is pushed through the window 30 in the we8 casing 27 
into the branch well 29 as illustrated by broken Knes 39 
and the arrow 40. 

[OOMI An etongate breakable contafrier 41 containing 
a sealing agent is arranged wHNn the deHa-shaped 
recess formed between the set of four (^ooves 32-35 at 
the upper side of the tube 25 which container is 
squeezed between the inner wall of the wen casing 27 
and the outer wal off the tUse 25 if the tube is unfolded 
to ilB cyTindrical shape 38. The sealing agent is thereby 
squeezed into the annular space surrouncfing the 
unfolded tube 25 and the branch tii3ing segment 39 and 
provides on curing an adequate seal whki) also fixes 
the unfolded tube 25 and branch tubing sectfon 36 
inside the main and the branch wells 26 and 29. 
[0035] Fig. 6 shows a folded tiM 41 whfoh has a set 
of four (rooves 42. 43. 44 and 45 at its upper skto and a 
single tubular hinge 46 at its tower side. 
[0036] The tubular hinge 46 presides an area where 
the wal of the tube Is more ftexfole than the Other parts 
of the tiil^41 /apart from the areas of the tube 41 adja- 
cent to%e grooves 43-45. 

(00971 The tUbito hinge 46 provides moreover an 
area where the wal of the tube can be deformed in dr- 
cumlerential diredfon during the unfokfing procedure. 
[0038] After completfon of the unfoking procedure the 
interior 47 of the tubular Nnge 46 can be filed with a fill- 
ing agent which provides SMpport and fixes the tubular 
hinge 46 in its expanded position. The interior 47 of the 
tUxriar hinge 46 may also contain electric or hydraulic 
conduits for transmissfon of electric and/or hydraulic 
power and/or signals atong the length of the tube 41. 
[0O39] Fig. 7 shows an enfoodiment of the foktaUe 
tube according to the invenfion where the tube 50 oonv 
prises at its upper sxSe three mutually parallel axial or 
htf cal gioo^ 51. 52 and 53 which define three plastic 
hinges that allow the upper side of the tube 50 to be 
folded inwardly as inustrated by phantom lines 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
loMed inwardly the outer width of the lower side of the 
tube 50 can be reduced as iDustrated by airows 56 tiy 
puling a circumlerential or helcal wire (not shown) 
around the thus foUed tube 50. 



[0041] The tube 50 is then unfolded by increasing the 
hydraulic pressure ki the interior of the tube 50 which 
breate the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Rg. 7. 
5 [0042] Fig. 8 shows an embodiment of the fbldaUe 
tube according to tiie invention where the foWed tiA)e 57 
has a detta-shape and comprises at each corner a 
delta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is formed by 
10 bencfing the tips of the legs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic Nnges 59. 60. 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of the 
tube 57. 

IS [0044] The tube 57 is unfolded by increasing the 
hydraulic pressure in the interior 63 of the tube 57 whfoh 
causes the tube 57 to expand in the <Srection of the 
anows 64 GO that the recesses 58 are removed. By fur- 
ther inaeasing the hydraufic pressure in the interior 63 

20 of the tube 57. ttie tube 57 is brought into a cylindrical 
shape (not shown). 

[0045] Fig.9showsatubeacooidrigtotheirwention 
where ttie tube 65 oonprises a set of four axial plasti- 
cally deformable hinges 66. 67. 68 and 69 at its upper 

25 skfe and also a set of four axial plastically deformedble 
Nnges 70. 71 . 72 and 73 at its lower skla 
[Q0461 Each set of four hinges 66-69 and 70-73 
defines a delta-ehaped recess 74 and 75. respectively. 
(0047] The two hinges 66 and 69 at the top of the 

30 folded tube 65 and also the two Nnges 70 and 73 at the 
bottom of the tube 65 have been brazed together. The 
thus formed brazed joints 76 and 77 aeated a seal 
between the interior of the delta-shaped raoesses 74 
and the exterior 78 of the tube 65. 

35 [0048] The tube 65 is suitable to be used in its illus- 
trated folded shape as a drill pipe where driing mud is 
pumped through the interior 79 of the tube 65 and 
flvough the delta-Shaped recesses 74 and 75to adritt 
bit (not shown). 

40 10049] After a borehole section has been drilled a cas- 
ing is then aeated by inflating the tube 65 using a high 
pressure fluid or expansfon mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into its cyfindrical shape as llustrated by arrows 

45 80. The drill bit is tt>en puled to surface on a wireline or 
coiled tubing passing through the interior 79 of the 
expanded tuk>e 65. 

[0050] The tube 65 and also tiie tube configurations 
iHuslrated in the other drawings can be spooled around 
so a reeling drum in theo* folded shape and reeled from tiie 
drum into an underground borehole to provide a Brvng of 
ttie borehole wal or inside a corroded or damaged well 
tubular. 

[0051] The wails of ttie tube according to the invention 
55 may comprise sieve openings of a predetermined size 
so ttiat ttie tube provides a wel saeen wNch is lowered 
into ttie borehole in its foMed shaped and ttienunfokJed 
downhde by moving an expansion mandrel ttirough ttie 
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tube or by inflating a balloon in the interior of the tube. 
The unfolding procedure does not vary the sieve open- 
ing size so that unfolded tube provides a sandsaeen 
with a well defined siM opervng siz& 

Claims 



1. A foldable tube connprising a tubular wall having at 
least three elongate relatively flexa^le areas where 
the wa9 is more flexible than other areas of the wall, 
wtiich areas are oriented in a sitetantially parallel 
direction relative to each other along at least a 6ii>- 
stantialpartofthe length of the tube so that in use 
said areas from plastic hinges which define a waA 
se^nem that is inwanfly foUable to bring the tube 

into a oonferaded shapa 

2. The toldabte tube of daimi wherein said relatively 
i\exti^ areas are formed by through-shaped 
giooves in the wall of the tube, which grooves are 
oriented in a paraSei or hefical direction relative to a 
tongitudinal axis of the tube. 

3. Thefoktibtetubeofdaimawhereinatleastoneset 
of four grooves is arranged in the wa> of the tite 
such that each set of four grooves deTnes a tube 
segment that can be folded as a delta- or U-shaped 
recess inwasdly into the tube. 

4. The fold^e tube of claim 3 wherein two sets of tou' 
grooves are arranged symmetrically at opposite 
sides of the tube such that rf the tube is folded into 
a contracted shape two delta- or U-shaped 
recesses are formed at opposite sides of the tube. 

5. The fbkMble tube of daim 3 wherein a single 
groove is arranged In the imer waB at one side of 
the tube and a set of four grooves 18 arranged at an 
opposite side of the inner waD of the tube. 

6. The foldable tube of dann 5 wherein a branch tube 
is.secured arourxJ a window in tie wafi of the tUbe 
whfoh window is located between sad sin^^e 
groove in said one haK of the tite and an ac^acent 
groove of said set of four grooves at said opposite 

side of the tube. 



that the branch tube is positioned at the entrance of 
the branch well near the branchpoinL 

9. The foldable tube of daim 1 wherein the tube is 
5 made of steel. 

10. The foldable tube of datm 1 wherein the tube is 
made of a plastic nrwterial. 

10 11. A rnethod of pladng a foldable tube aoooRiirig to 
daim 1 in a tubular cavity, the method compri si n g 
inserting the tube folded in its contracted shape into 
the cavity, unfolding the tube into its substantially 
cylindrical shape at a seleded location witNn the 
cavity and securing the tube witNn the cavit]^ 
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12. The method of daim 11 wherein the tube com- 
prises at least one set of fou grooves according to 
daim 3 which grooves define a delta- or U-shaped 
recess when the tube is inserted into the cavity and 
a tubular ccnlainer containing a sealing agent ie 
arranged witNn said recess when the tube is 
inserted into the cavity, which contamer is 
sc^eezed and breaks open as a result of the 
uTfdding of the tube within the cavity and sealing 
agent is released into the annular space between 
the unfolded tube and the wafl of the cavity, which 
sealing agent Is then allowed ID aeate an anmiar 
seal between the unfolded tube and the cavity wall. 

13. The method of daim 11 wherein the tube is 
unfolded by inserting a sealing plug at one end of 
the tii>e and pumping a high pressure fluid into the 
other end of the tuba 
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7. The foldable tJbe of any preceding daim wherein 
the foldable tube is a well tiAxilar which is insertable 

in a oontraded shape into the wen and expandable so 
dowrMe mto a substantially cyCndrical shape. 

8. The foldable tube of daim 6 wherein the tube is a 
wefl casing at a branchpoint in an underground weD 
and the branch tube forms part of a well casing or ss 
Kner in a welt branch, and the tube is insertaUe in a 
contracted shape into the weU and eotpandable 
downhole into a subslantiany cylindrical shape such 
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Fig.2. 
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Fig.3. 
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